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(54) ExpandibiB conical hola phigs 

(57) Conical pluga are provided which are f oamable 
and may be placed In Incompletely fitted holea in atruc- 
turea to prevent corrosion over time: preferably the 



pluga are made of a foamable material which can be 
foamed in the a coat oven uaed In automobile manufac- 
ture. 
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[0001 ] Th« preMfit invention ralatM to plugs for holes 
and in particular to plugs that may be used to block holes 
in the components of vehlclee, ships, boats and aircnifl 9 
during and after assembly and treatment 
[0002] During the manufacture of vehlciee. ships, 
boats and aircraft components are used which may con- 
tain holes. Holes may also be provided in components, 
particularty structural components to enable assembly, to 
to allow for drainage of fluids or allow for passage of 
cabling and the like. In many instances it is necessary 
to seal and/or ck)se the holes after assembly to reduce 
the likelihood of subsequent conrosion. This is because 
in some instances the holee are not used in assembly, is 
thus providing a locatton for potential conxMion. In other 
instances although material, sucn as cabling or tubing, 
passes through the holes the hole ie not filled and the 
rim of the hole remains a kx:ation for potential corroston, 
this may be thecase when tubing is used to contain elec- 20 
trical wiring or when other tubes such as drainage tubee 
are present 

[0003] Currently the holee are either left open or are 
closed by forcing mastic into the holee, genaraliy by 
hand . In the production of automobiles the nrvastic is gen- ^ 
era / applied after the automobile hae been subject to 
the a coat antieorrosion process. In the e coat antl-cor- 
roeion procees the metal frame of the vehicle is paased 
through s bath of antieorroeion fluid and the anttcomo- 
sion material is deposited on the metal parts of the ve- » 
hide by an electrolyais process In which the metal frame 
of the vehicle is used ae one of the electrodee. After the 
e coat process the vahlcle is baked to dry and consoli- 
date the antlcorroslon coating. Subsequently the vehk:le 
after assembly will be painted. It ie important that the 33 
holee be filled prtor to painting to minimise contamina- 
tton due to the paint. 

[0004] The use of manually applied mastte to fill the 
holee has the disadvantage that in order to ensure that 
the holes are sealed one generally uses an excess of 40 
the mastic. This is expeneive and can aleo reeult in some 
maedc pessing through the holee leading to contamina- 
tion and extra weight in the vehicle, ship, boat or aircraft 
There is also the possibility that overtime the mastic will 
degrade and/or fall away from the hole provkflng a site 45 
for potential conrosion. 

[0005] The present invention providee a plug that 
overcomes these problems. 

[0006] The present invention therefore providee a 
plug comprising a conical section extending from a base so 
said conical section being made from an expandable 
matenaJ. 

[0007] In a prefen'sd embodiment the eonicaJ section 
is made from a flexible and expendable material. In a 

further pmf^rmt emboaim^m the conical section 'm hoi- ss 
ow and the base material is circular. 
[0003] The conical section enables the thinnm part of 
the section to pass through the hole and a thicker part 



can bear againat the perimeter of the hole to hokl the 
plug in place during proceesing. In a further embodiment 
the material of the base is also expandable and in the 
preferred embodiment the conical section and the base 
are integrally moukled from the expandable material 
and the material ie preferably flexible. Altematively the 
plugs may be made by extmslor. 
{0009) In use the plug may be used aa the sole means 
of cloaing the hole or it may be ueed aa a support for a 
sealant, such aa a mastic, thus reducing the amount of 
maetic required and ensuring that mastic doee not pass 
through the hole, thie in turn reduces waste and unde- 
sirable depoeits. The hole may therefore be closed by 
placing the conk»l eectk>n of the plug through the hole 
and then subjecting the stmcture to conditicns which 
cause the expandable material of the plug to foam and 
flit the hole. Opttonally a layer of a sealant euch as a 
mastic may be applied onto the skle of ^ base section 
remote from the conical section. Any s n further sesl- 
ant may be applied before or after the expandable nrra- 
terial hae been foamed. 

[0010] The size of the plug may be chosen according 
to the size of the hole to be fRIed. However In the man- 
ufacture of automobilee the holee produced in the vehi- 
cle frame may be any shape. If t^^ey are dreular they are 
typically 5 to 50 miillmetefB mc .ypically 5 to 10 mil- 
limeters in dameter and aoeordi' jy the conical section 
is gensrally such that at least part of the confeal ssctton 
passes through hoieof thie size. The baee of the plug 
is preferably of a size that It wIM not pass through the 
hole. In thie way the plug ie prevented from passing 
through the hole. In some instancee the plup -^ay pass 
entirely irrto the hole. The plug may aiao ba provkM 
with an extension protruding from the baee the side 
opposite from the conical section to aid locffi on ki the 
hole and enable verification that a plug haa been placed 
in the hole. This ie particulariy useful if the entire plug 
passes Into the hole. 

[0011] The flexibility of the baee of the plug and the 
ease of installation may be Increaaed by forming small 
incistons such aa cute around the perimeter c the base. 
In thie way the flexibility of the conk^al section and the 
flexibility of the base can enable a single size of plug to 
be used with a variety of hole eizee. The Incieions also 
reduce the resistance which can act to force the plug 
back out of the hola. The incisions or gaps in the base 
may also aOow flow of fluid such as the e coat anticor- 
rosion fluid through the hole. In addition the conicaj sec- 
tion of the plug may be shaped *o allow flow of 'a s 



euch as thee coat fluid. For exar s the conical ssc n 
may t)e provided with one or more vanes. 
10012) The use of the plug will now be deecribed in 
relatton to automobi ie manufacture wherein the automo- 
bile ie subjected to the e coat antl-con^osion process. 
The vehicle sub firame ts assembled in the normal man- 
ner and then plugs according to the present invention 
are inserted into any unused or incompletely filled holes 
in the vehicle sub frame. The vehicle sub frame is then 
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sublaetMl to th« • coat process. FoUowing tho • coat tha 
sub frama it bakad in a curinfl ovan. Tha axpandabia 
matahai from which tha plug is mada ia prafarably aa- 
lactad 80 that It axpanda undar tha condltlona ampioyad 
in tha curing ovan. Tha axpandaWa matartal thanfora 
foama in tha curing ovan and fills tha hola to effact a 
seal . tha expanaion ia pratorably auch that tha f oamad 
matartal encapautatas tha rtm of tha hola. Whafa tha 
hola has littia depth tha expandable material may foam 
so that it encapautatas t)oth sidaa of tha hole ao that tha 
entire surftee of the hole ia provided wth a protective 
layer. Where the hole is at the end of an elongated tube 
the expanded material may e n cap aula t e only one rfm. 
Subaequently. If deaired, a sealant auch as mastic, may 
be applied to the surtoce of the expanded plug, which 
servae to retain tha sealant and prevent it passing 
through the hole to ensure effective use of the aaalant 
[001 3] The plug ia mada of an ^cpandabla material so 
that It wW expand to fill tha hola. T>ie material may also 
be auch that, on expanaion, It will bond to the interior 
wan of tha structure. Accordingly, the plug may be mada 
from an expand^taadhealva material, which can be ao^ 
tlvated to expand (typically foam) and optionally to act 
aa an adhesive. Accordingly tha expandable adhesive 
must expand at tha dsaiiBd temperature and In a pre- 
ferred embodbnant be aufflciently adhesive to firmly 
bond to the component In which the hole Is fonmed. 
[Ogt14] Prior to activation, tha material or matariala 
from which the plug is made is preferably dry and not 
taeky to the touch, ainca thia fadHtatas shipping and 
handling and prevents contamination. The plug ia pref- 
erably made of a flexible material and themnoplastlc ma- 
tariala such as ethylene polymers and copotymera uaed 
aa raw matariala foracouaticbafflae are pretend, pre- 
ferred matariala are copolymera of ethylene and vinyl 
acetate or ethylene acrytate copdymars. 
[001 9] The foamable material nruqf alao be choaeh to 
also provide Sonne rigidity and reinforcement to theover- 
all stnjcture. In this instance examplaa of other preferred 
foamable matariala induda foamabtit epoxy-baae resins 
and examplae of auch matariala are the producte 13206. 
L5207. L5208 and I-S209. which are commsrciaily avali- 
abie from L A L Products of Rome Michigan USA, and 
the Core Products Core 5204, 5208, 5205 and 5208 
available from Core Products, Strasbourg, France. The 
material should be choaen according to the rate of ex- 
panaion and foam densities required where the plugs of 
the invention are used in automobile manufacture, it ie 
further preferred that the nnatarial expand at the temper- 
aturea experienced m the electro-coat balcing oven, typ- 
ically 1 80*C to 1 aO^C more typically 130*0 to 150-C. 
[0018] The plus may be made extrusion, stamping 
and die cutting, mini applicator or by injection moulding 
providing that the temperaiurae used in fabrication are 
below the temperatures at which the expandable mate- 
rial will foam. 

[001 7] Exampiea of uses of the plugs include the filling 
of holes fonned in the A. B and/or C pillars or the rails 
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^ the framee or chaasla and engine supports of vehi- 
cles, the holes being formed for passage of cabling or 
tubing or forvarioua attachments. Altsmath^ely the pluge 
may be uaed to f iH the ende of tubing auch aa the tubing 
uaed to reinforce vehide doora agalnat aide or front im- 
pact 

10018] The invention iaUluatrated by the accompany- 
ing drowinga in which: 

Figure 1 shows plugs according to the praaent In- 
vention. 

Figure 2 shows two plugs according to the present 
invention inserted in holes in a vehicle component. 

Figure 3 showa a component of a vehicle in which 
a hole haa been filled by the foaming of a plug ac- 
cording to the preaent invention. 

FIguree 4 and 6 ahow the uae of a plug according 
to the present invention to fill the hole in the end of 
a tube thai la uaed for aide reinforcement of auto- 
mobile doora. Figure 4 ahows the location of the re- 
inforcing tube in the door and Rgure 5 la an en- 
larged view of the end of the tube shown bi Figure 
4 the end being provided wtth a hole plug (prior to 
foaming). 

Figurea 8 and 7 ahow an alternate fbmn of a plug of 
the invention. 

Figure 0 showa the altemate form of plug shown in 
FIguree 6 and 7 inaerted In a hole. 

[0019] Rgure 1 ahows fbur somewhat different pluge 
according to the present Invention in each plug the con- 
ical Section (1 ) ia the aame but one plug is provided with 
a nanrow dreular baae (2). the aacond plug is provided 
with awidercirouiarbaae(3). In the third plug theclrcular 
baae (3) ia provided with 1 2 slits (4) to enhanceflexibiiity 
and In the fourth plug the base is provided with 4 larger 
ailta (5) to enhance flexibitity. 
[0020] In Figure 2 the two pluga (8) are drded and 
shown inserted In holes in a vehide door frrnie (7). 
[0021] In Rgure 3 a plug (8) in its foamed shape ie 
shown blocking a hole in an automobile component (9). 
£0022] Figure 4 shows the inside of a vehicle door (1 0) 
in which ie mounted a tube (11) to provide protection 
against side and front impact In the nnished vehide the 
tube will not be visible due to the presence of the door 
faada. 

[0023] Figure 5 ia an expanded view of the portion of 
Figure 4 that containa the tube (11) and shows a plug 
(12) placed in hole at the end of tube (11). Figure 5 
showa the syatem prior to expanaion of the material of 
plug (1 2) but it ia clear that when the material axpanda 
the material will adhere to and encapsulate the entire 
end of the tube (11) providing comprehensive protection 
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for th« and of th« tubm. 

[0024] Rgunt 6 and 7 show a plug (13) In which th« 
conical section (14) Is provldMl with vonat (15) to pro- 
vido channols for tho now of th« • coat fluid prior to ax- 
pansion. Indaiona (16) ara providad in tha baaa aaction 
(1 7) to allow for flow of tha a coat fluid. Tha plug ia also 
providad with an axtanaion (1 8) on tha atda ramota from 
tha conical saction to anabia location of tha plug ia a 
hola. 

[002SI FIguraSahowathapiugof Figuraeiocatadin 
a hola (19). 



IS. Tha uaa of a plug according to any of tha pracadhg 
Ctaima to flN holaa In automobila f ramaa. 

14. Tha uaa of a plug according to any of tha Claimal 
to 1 2 to fill tha ona or mora holaa In tha and of tubing. 

1«- A procasa in ralation to automobila manufactura 
wharam a vahida aub frama ia aaaamblad and ona 
or mora plugs according to any of Ctaima 1 to 12 
ara inaartad into unuaad or incomplataiy f illad holas 
in tha vahida aub f^a. 
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Ctaima 

13 

1 . A plug comprising a conical saction extanding from 
a basa said conical aaction baing mada from an ax- 
pandabla matarial. 

2. A plug according to Claim 1 1n which tha conical sac- 20 

tion la mada from a matarial that Is flaxibta and ax- 
pandabla. 

3. A plug according to Claim 1 or Ctaim 2 In which tha 
conical saction la hollow. 23 

4. A plug according to any of ttia pracading Clakna in 
which tha baaa ia circular. 

8. A plug according to any of tha preceding Clakna in so 
which tha conical saction and the basa ara integrally 
moulded from the expandable matarial. 

6- A plug according to any of tha preceding Claima In 
which tha maximum diameter of tha conical aaction 
laStoSOmiiymetafa. 



1«. Aproceaa according to Claim ISin which tha vehi- 
cle sub frame In which the plugs have been inserted 
is subjected to the e coat procaaa and following the 
e coat the sub frama ia baked In a curing oven 
whereby the expandable material expanda under 
the condWone in the curing oven. 

17. A proceee for the proviaion of corroalon protection 
around a hota comprfaing fining tha hota with pro- 
tactiva material and ancapaulating tha perimeter of 

the hote at each surface of the hole with protective 
material wherein a plug having a conical aaction 
mada of an expandable matarial and having a mm- 
imum diameter such that It wlH paaa through ttie 
hole and a baae of a size that will not paaa through 
the hola le Inaerted into the hole and after Insertion 
of the plug It le subjected to conditions whereby the 
expandable material expands to fill the hole and to 
ancapaulata the perimeter of tha hota at each au^ 
face of the hota. 

ia A procasa accon:ilng to Claim 17 in which the hota 
ie an automobile component. 



7. A plug according to Claim 6 in which the maximum 
diameterof the conical aaction is 5 to 10 miUknatera. 

«- A plug according to any of the preceding Claime 
having incisions formed around the perimeter of the 
baaa. 



19. A process according to Claim 17 or Claim 18 in 
which the plug is inserted prior to subjecting the au- 
tomobile component to the e coat proceee and aub- 
^ jecting the component to the e coat procaaa wharw- 

bythe expandabtamatertalexpandiunderthecon- 
ditiona of the curing of the e coat 



A plug according to any of the preceding ciaima in 43 
which the conical aaction is providad with channele. 

10. A plug according to Claim 9 in which tha chann^ 
are defined by venae fomted on the conical section. 

30 

1 1 . A p/ug according to any of the preceding claims pro- 
vided with an extension on the side of the baae re- 
mote from the conical section. 



12. A plug according to any of the preceding Oaima in 
which the expandable material re an expandable 

adhesive material, which can be activated to ex- 
pand (typicaily foam) and also act as an adhesive. 
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FIGURE 2 
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FIGURE 4 
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FIGURE 8 
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